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响，提升了对南海海洋环境中溶解态 PAHs 污染状况的认识。主要结论如下： 
2006 年 9 月，南海北部表层海水中溶解态和颗粒态 PAHs 的含量范围分别为
0.18-1.17 ng/L（平均值 0.49 ng/L）、0.43-46.6 ng/L（平均值 9.40 ng/L）。2010-2013
年，南海表层海水中溶解态 PAHs 的含量范围为 2.79-81.39 ng/L。总体上，当前








和季节变化。自 2006 年至 2013 年，南海北部表层水体中溶解态 PAHs 的平均含
量总体呈现上升趋势，表明该海域 PAHs 污染状况有进一步加重的趋势，这与我
国珠江三角洲经济区、香港、澳门等近岸海域及菲律宾、越南等东南亚地区的经
济发展密切相关。2011 年春季，南海北部表层水体中溶解态 PAHs 浓度高于 2010
年秋季，呈现明显的季节变化，生物泵与光降解等是其主要影响因素。海洋浮游
植物可通过“生物泵”的作用将溶解态 PAHs“泵”入到海洋的悬浮颗粒物中，
发生沉降，导致南海水体中溶解态 PAHs 含量下降；秋季样品中 BaA/Chr 的比值
（平均值：4.99）明显高于春季样品（平均值：2.04），表明秋季光降解程度高于
春季。 
















是影响南海西部海水中 PAHs 的垂直分布的重要因素。PAHs 的大气输入会导致
表层 PAHs 浓度较高；而颗粒物的再悬浮作用可使近岸底层水体中 PAHs 的含量
高于表层水体。粪球、动植物遗体等颗粒物的沉降过程与开阔海域 PAHs 在 200 m
以下水层出现高值具有一定的相关关系。 
运用 234Th/238U 不平衡法估算出 2004 年 9 月南海北部海域 S2 与 S5 站位颗粒
态 PAHs 的输出通量分别为 34.08 μg/(m2·a) 和 15.29 μg/(m2·a)；2013 年南海水体
中颗粒态 PAHs 的输出通量为 0.42-66.66 μg/(m2·a)，平均值为 23.71 μg/(m2·a)。
运用叶绿素 (Chl-α) 法估算 2013 年南海水体中颗粒态 PAHs 的输出通量为
44.56-140.06 μg/(m
2
·a)，平均值为 82.11 μg/(m2·a)。234Th/238U 不平衡法估算的颗
粒态 PAHs 的输出通量低于 Chl-a 法估算的结果。 
























The seawater samples were collected during the year 2006, 2010-2013 in the 
southern and northern South China Sea. The dissolved and particulate polycyclic 
aromatic hydrocarbons (PAHs) were measured respectively. In this study, 
Concentration, horizontal and vertical distribution and sources of PAHs in SCS as 
well as geochemical characteristic of PAHs in the northern SCS，such as the seasonal 
and annual variation, were obtained. Also, the hydrological process and biological 
pump were taken into consideration in order to discuss the potential impacts on the 
spatial distribution of PAHs in the SCS. And hence, it is good to have deep insight of 
the pollution status of dissolved PAHs in SCS. The primary conclusions are as 
followed: 
The concentrations of dissolved and particulate PAHs in the northern SCS were 
0.18-1.17 ng/L (average value: 0.49 ng/L) and 0.43-46.6 ng/L (average value: 9.40 
ng/L) in Sep. 2006, respectively. The concentrations of dissolved PAHs in the SCS 
were 2.79-81.39 ng/L between 2010 and 2013. In general, SCS can be regarded as a 
medium PAH-contaminated region on a global scale.  
With the distance from seashore increasing, the concentrations of dissolved 
PAHs showed a decreasing trend in the northern SCS.  
The dissolved PAHs concentrations decrease in horizontal direction with distance 
far away from the coast in the northern SCS. This trend, however, is probably due to 
the input of runoff and atmosphere. The distribution patterns of dissolved PAHs in the 
northern SCS are relevant to the runoff, coastal current, Kuroshio, warm current of 
SCS and eddy. On the contrary, no obvious regularity was found for the distribution of 
dissolved PAHs in the southern SCS, although the high values were observed for 
some regions in the SCS. The primary influence factors could be the industrial and 
agricultural emissions and oil or gas exploitation in the nearby countries and regions. 
The obvious annual and seasonal variations of dissolved PAHs in the surface 















surface water showed an overall increasing trend from 2006 to 2013, indicating that 
the PAHs pollution in this area is aggravated increasingly, which may be closely 
related to the development of China and Philippines, Vietnam as well as other areas in 
Southeast Asia. In the spring of 2011, the dissolved PAHs concentrations were higher 
than the one in autumn of 2010, suggesting obvious seasonal variations. Dissolved 
PAHs was "pumped" into suspended particulate matter, which can be settled into the 
deep ocean by the biological pump, resulting the decrease of dissolved PAHs in the 
SCS in autumn, and the BaA/Chr ratios in autumn(average: 4.99) was significantly 
higher than in spring(average: 2.04), suggesting higher photo-degradation in autumn. 
In the eastern open sea of Vietnam, the content of dissolved PAHs shallower 
than 200 m was higher than that below 200 m. The upwelling, sediment resuspension, 
biological pump and PAHs input were significant factors for the vertical distribution 
of PAHs in the western SCS. Atmospheric PAHs input would lead to higher PAHs 
concentration in the surface water, while resuspension would cause higher PAHs 
contents in bottom water. Sinking of particulate matter such as zooplankton fecal 
pellets was related with high PAHs value in the open ocean under 200 m. 




U disequilibria, and 
the output fluxes were 34.08 μg/(m
2
·a) and 15.29 μg/(m
2
·a) in station S2 and S5 of 
the northern SCS during Sep. 2004, respectively. Using the same method, output flux 
of particulate PAHs in the SCS during 2013 was 0.42-66.66 μg/(m
2
·a), the mean 
value being 23.71 μg/(m
2
·a), while the output flux of particulate PAHs estimated by 
Chl-a method was 44.56-140.06 μg/(m
2
·a), the mean value is 82.11 μg/(m
2
·a). Output 




U disequilibria is lower than results 
acquired by Chl-α method. 
The ratio of Ant/178, BaA/228, Flu/Flu+Pyr and InP/InP+BghiP suggested that 
PAHs in the SCS were mainly originated from the input of combustion sources, and 
PAHs were originated from pyrolytic. The source of PAHs in northern SCS was 
originated from the input of Pearl River, which was mainly influenced by the 
development of the Pearl River Delta Economic Zone. The PAHs in the southern SCS 
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BaA：苯并 (a) 蒽（Benz(a)anthracene） 
BaP：苯并 (a) 芘（Benzo(a)pyrene） 
BbF：苯并 (b) 荧蒽（Benzo(b)fluoranthene） 
BghiP：苯并 (g, h, i) 芘（Benzo(g, h, i)perylene） 
BkF：苯并 (k) 荧蒽（Benzo(k)fluoranthene） 
Chr：屈（Chrysene） 
Chl-α：叶绿素 α（chlorophyll-α） 
CSIA：单体同位素分析技术（Compound Specific Isotopic Analysis） 
DOC：溶解有机碳（dissolved organic carbon） 
DahA：二苯并 (a, h) 蒽（Dibenzo(a, h)anthracene） 
Fl：芴（Flurene） 
Flu：荧蒽（Fluoranthene） 
HMW ：5 - 6 环 PAHs（High Molecular Weight） 
InP：茚并 (1, 2, 3-c,d) 芘（Indeno(1, 2, 3-c, d)pyrene） 
KOW：辛醇-水分配系数（Octanol-water partition coefficient） 
LLE ：液液萃取（liquid-liquid extraction，LLE） 
LMW：2 - 4 环 PAHs（Low Molecular Weight） 
Naph：萘（Naphthalene） 
PAHs：多环芳烃（Polycyclic Aromatic Hydrocarbons） 
Phen：菲（Phenanthrene） 
POC：颗粒有机碳（particulate organic carbon） 
PTS：环境持久性有毒物质（Persistent Toxic Substances） 
Pyr：芘（Pyrene） 















SPM：悬浮颗粒物（Suspended particulate matter） 
SPE：固相萃取（Solid Phase Extraction） 
SPME：固相微萃取（Solid Phase Micro-extraction） 
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